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PREFACE 

This report was prepared under contract (Purchase Order No. 82-ABA-305) 
by Sharon D. Hendrix, graduate student, University of Hawaii. The contract 
objectives were to collect and analyze data on the effects of various diets 
and rearing conditions on growth and survival of mahimahi (Coryphaena 
hippurus and C. equiselis) and skipjack tuna (Katsuwonus pelamis) larvae 
reared under Taboratory conditions. These data will provide information and 
insight on the early life histories of these commercially valuable species. 
The data will also provide a guide for future studies such as those designed 
t o  measure the effects of normal environmental fluctuations and pollutants 
on survival and growth of these fish species’ larvae in the wild. Since the 
report has been prepared under contract, the statements, findings, conclusions, 
and recommendations herein are those of the contractor and do not necessarily 
reflect the view of the National Marine Fisheries Service. 

Richard W. Brill 
Fishery Biologist 

March 4 ,  1983 



T h e  e a r l y  l i f e  h i s t o r y  o f  m a h i m a h i  ( C o r y p h a e n a  h i p p u r u s  and C .  

e q u i s e l  i s i  and s k i p j a c k  t una  ( K a t s u w o n u s  p e l a m i s ) :  A r e p o r t  on t h e  

c u l  t u r e  and grcl(JJth o f  1 a r v a l  f i sh r e a r e d  i n  t h e  1 a b o r a t o r y .  

L a b o r a t c I r ; ~ *  c u l  t u r e  t e c h n  i q u e s  h a v e  been  d e v e l  o p e d  t h a t  e n a b l e  

s c i e n t i r t s  t o  c t t l t a i n  i n f o r m a t i c t n  rsln t h e  e a r l y  1 i f e  h i s t o r y  o f  ' 

u n d e r s t a . n d i  ng o f  t h e  e c s l  o q y  ctf t r ~ p  i c a l  pel ag i  c 1 a r v a l  f i 5.h as we1 I 

5.uTTirriar i z e s  5-tudi e s  cat t h e  growth, d e v e l o p m e n t  II b e h a v i o r  mc f r t3 .1  i t:f 

mah  i m a h  i ( C o r y p h a e n a  h i p p u r u s  and C. e q u  i se  1 i s >  reared  i n c o n t r o l  1 e d  

1 abor a t or y c o n d i  t i  ons. T h e  o b j e c t  i v e  ctf t h  i 5 s t u d y  lr.~a.s t o  c o m p a r e  

grcl\J,Ith and S U ~ I J  i vc~rs .h  i p o f  mah i m a h  i and s k  i p j a c k  t una  1 arvae  r e a r e d  

i n  t h e  l a t i o r a t o r y  u n d e r  d i f f e r e n t  CUI t u r e  t e c h n i q u e s  and d i e t s .  

I" 
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f e d i n g t l  e h av i CI r 

Food s e  1 e c  t i on 

1 .  R c l t i f e r s ,  tF3. p l i c a t i l i s . > ,  5 / m l ,  

2. R o t i f e r s ,  2.5.,,'ml + ~ ~ ~ p e p o d s ,  ( T i g r i o p u s  s p . > ,  2 . W m l  , --_ 

A s  a f u r t h e r  c o n t r o l  , a l arge  3 8 8  1 i t e r  r e a r i n g  t a n k  was a l s c t  





h a t c h  i nq,  sLc i p.ja.ck t una  1 a rvae  averaged 2.9-3.8 mm i n  1 e n g t h  ~i t h  a 

;il:llK s a c  r a n g i n g  f rom ~3 .78  t o  1 .B3 mm i n  l e n g t h  and 8.52 t o  8.45 r i m  

i n  i.!.!idth. 1;. h i p p u r u s  1 a r v s . e  a t  h a t c h i n g  avera.ged 4.3  t u  5 . 4  rrrrri i n  - ._ 

;2-& - 7 . x  of s k  i p j a c k  tuna  and mah i m a h  i 1 a r v a e  w e r e  ctbser*..Jed d i a.me t e r . 
t o  h a v e  tleen d e f c l r m e d  a t  f i r s t  f e e d i  ng ( u s u a l  1 y .jaw s.nd h e a d  

Ht h a t c h  i ng, sl.: i pjacb:: tuna  1 a r v a e  w e r e  n e a r 1  y t r a n s p a r e n t  . ~ . ~ I I A  

had ~ e r ; ~ ~ .  1 i t t l  e p i  g rnen ta t  i r-lrl through da;~. 12. B y  c o m p a r  i s o n ,  m a h  i m a h  i 

iwere t r a n s p a r e n t  a t  h a t c h i n g  t iut became d a r k l y  p i g r r t e n t e d  b y  day 2 .  

Plah  irriah i y171 k sac 1 a.rc?se (up un t i 1 d a y  2 >  w e r e  m1~ct-1 1 i Lce sk i p . j  a c k  

t u n a  l a r v a e  i n  t h a t  the;>’ were n e a r l ) ;  t r a n s p a r e n t  and t e n d e d  t o  f l o a t  

n e a r  t h e  s u r f a c e  i n a h e a d  down p o s i  t i o n  , e s ~ . e n  t i a1 1 y mot i on1 e’::~. ,  

e >: c e p t f r 111 c 11 a, 5. i o rl a 1 t i  IJ r 5. t E. f sw i mm i rl g , 

A t  day 2, m a h i m a h i  l a r v a e  t e n d e d  to o r i e n t  n e a r  the  b o t t o r ~ i  ~ > f  

t h e  tanKs., c * .~ i t h  v e r y  f e w  1 . 3 . r ~ a . e  r e m a i n i n g  i n  t h e  u p p e r  h a l f  o f  t h e  

1.t I .a. t e r c IZI 1 IJITI~I , L3. rvz .e  th.s.t s e t t l e d  t o  t h e  t a n k  b o t t c ~ m  t e n d e d   ti:^ 

t l e c c ~ r r ~ e  f o i ~ l  e d  tl::v.’ t l a c t e r  i a, h e n c e  t a n k  w a t e r  n e e d e d  t o  t le  ag i  t a t e d  i t-1 

o r d e r -  t o  pre l . ,~ent  mah imah i 1 a r v a e  f r o m  r e m a i  ri i i-19 on t h e  bottom. 





s k i p j a c k :  t u n a  l a r v a  i n g e s . t e d  48 t o  58 18-12 mm ha1 i t l u t  la.r*..!a.e, 
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d e m o n s t r a t e  any e f f e c t  o f  d i e t  on g r o w t h .  C u l t u r e s  o f  E .  a c u t i f r o n s  

!..rere n o t  a v a i l a b l e  f o r  t h e s e  s e l e c t i o n  e x p e r i m e n t s ,  t h e r e f o r e  

T i g r i o p u s  sp .  was u s e d  as a p r e y  o r g a n i s m  w i t h  r o t i f e r s .  T i g r i o p u s  

i s  a l a r g e  h a r p a c t i c o i d  c o p e p o d  w i t h  d e m e r s a l  naup l  i i , and thus ,  

T i g r i o p u s  a r e  n o t  good p r e y  +or  f i r 5 . t  f e e d i n g  l a r v a e .  I n d e e d ,  no 

1 a r v a e  r e a r e d  on T i  gr i opus s u r v  i u e d  b e y o n d  day 5. T h e r e f o r e ,  g r o w t h  

d a t a  a r e  t a k e n  only f r o m  f e e d i n g  e x p e r i m e n t s  u s i n g  r o t i f e r s  as  p r c r ,  

T h e  l e n g t h - a g e  p l o t  f o r  t h e  f i r s t  t e n  days o f  g r o w t h  o f  m a h i m a h i  

l a r v a e  !C. h i p p u r u s )  w a s  non l  i n e a r  ( f i g .  6). 

T h e  g r o w t h  of  m a h i m a h i  was m o d e l e d  by t w o  g e n e r a l i z e d  e q u a t i o n s  

wh i ch d e E c r  i h e  s.i gn i f i c a n t  e v e n t s  i n  e a r l  y 1 a rva1 g r o w t h .  T h e  f i r s t  

e q i ~ a . t i o n  d e s c r i b e s  g r o t ~ . ! t h  f r o m  h a t c h i n g  through yolk a . b s o r p t i n r 1  a n d  

f i r s t  f e e d i n g .  D u r i n g  t h i s  p e r i o d ,  l a r v a e  a p p r o a c h e d  an a s y m p t o t i c  

l e n g t h  b e t w e e n  days 2 and 6 ( f i q . 6 ) .  T h i s  a , s y m p t o t i c  f u n c t i o n  maY 

b e s t  d e s c r i b e  g r o w t h  i n  1 e n g t h ,  b u t  c o n c e  i uab l  y g r o w t h  d e s c r i b e d  kgr 

o t h e r  p a r a m p t e r s  s u c h  as d ry  w e i g h t  o r  c a l o r i e s  m a y  n o t  d e m o n s t r a t e  

t h e  same t r e n d .  A f t e r  s i g n i f i c a n t  m o r t a l  i t i e s  on days 6-7, s u r v i v i n g  

1 a r v a e  i n  i t i a t e d  e x p o n e n t  i a1 g r o w t h ,  T h e  g e n e r a l  i z e d  e q u a t  i ons of 

t h i s  model a r e :  

where L = length at age t; t 

= asymptotic length approached b first feeding larvae 

before exponential growth corn ces; 
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x(1 - e> = l e n g t h  a t  t = 0; 

T =I t r a n s i t i o n  between growth s t a g e s ;  

y = ra te  of growth when 0 < t < T; 

6 = ra te  of growth when t > T. 

E s t i m a t e d  p a r a m e t e r s  a r e  g i v e n  i n  tab e 3 f o r  g r o w t h  d a t a  p r e s e n t e d  i n  

f i g .  6.  T h i s  i s  a g e n e r a l  g r o w t h  m o d e l  d e s c r i b i n g  larval  C. 

h i  ~ F I I J ~ I J ~  b u t  s h ~ ~ l  d be a p p l  i c . 2 b l e  t o  e a r l y  g r o w t h  o f  o t h e r  s p e c i e s  of 

l a r v a l  f i s h  ( H u n t e r ,  1976) .  A g a i n ,  l a rva l  g r o o ~ t h  w a s  1 i n e a r  w i t h  

r e s p e c t  t o  h e a d  d e p t h ,  e y e  d i  a . m e t e r  and 1 e n g t h  ( f  i gs. 7 and 8 )  . 



V 

if i 12. n 7 . ) .  . Few o f  t h e  s k i p . j a c k  tuna larvae succe+sfully i n i t i a . t e d  - 

f e e d i n g .  L e s s  t han  561% ctf t h e  larvae sampled un d a y  3 had any food 

 elected E c r t e r p i r i a  n a u p l  i i c~ t . .~er  r o t i f e r s  when g i v e n  a c h o i c e ,  and 

1 a r v a e  g e n e r a l  1 Y i n g e s t e d  1 a r g e r  p r o p o r  t i nns ctf c o p e p o d  n a u p l  i i t h a n  

1 a r v a c e a n s  or t h e  cycl opet i  d copepctd CIC,rycaeuE. s p .  i n  t h e  i r stctmachc,, 

p e r h a p ' ;  i ndi c a t  i ng a strisng sel e c  t ion f c t r  t h e s e  p r e y  t y p e s  (Uo tan  i 

e t a l ,  1P:31; and per.5.. C I ~ E . . ) .  kle c . u s p e c t e d  t h a t  e g g  s i z e  ria.:.' 

I n f  1 u e n c e  t h e  1 e n g t h  c1-F 1 a r v a . e  a.t h a t c h  i ng  and t h e  a.mctun t of yo1 k 

r e 5 . ~ r l . ? e 5 .  a v a i  1 ab1 e t o  t h e  1 a r ~ a e ,  Smal 1 er e g g s  cctul d res .1~1 t i n an 

e n e r g e  t i c def i c i e n c ?  because  t h e y  h a v e  a smal 1 e r  amaun t o f  a v a  i 1 ab1 e 

yo1 k . A cctmpar i s.on was made o-f 1 arvae r e a r e d  from 2 S.FI~UJ~S.  kii th  

d i  f + e r e n t  m e a n  I I S ~ . , J ~  d i  a m e t e r s  < t ab1  e 5) . Nt2 5.1 gn i f i c a n t  e f f e c t  of O + . J . ~ .  

td i a m  e t e r f e e d i n g 

( t a t l l e  5 3 .  

\>J a 5. f CI IJ n 13 o n  1 a r v a e f r om h a t c h i n 12 t h r. IZI IJ 9 h f i r s t 

11-1 i t i a1 f e e d i  ntg e x p e r  imerrts ctn C : .  h i  p p u r ~ ~ .  i n d i c a t e  a tendenc::.~- 

( f i g .  1 1 ,  t a t t l e  6!. R o t i f e r  f e d  larvae d i d  n o t  h a v e  a. t e n d e n c y  t o  





PAGE 14  
i n v o l u e d  o r i e n t i n g  and maintain in^ a p o s i  t i o n ’ u n d e r  o r  r e l a t i v e  t o  

f r e q u e n t l y  s.een irl adul t m a h i m a h i  ( H u n t e r  and Pli  t c h e l  1 ,  1967:). 

El i  e t  i s i v e r y  c r  i t i e a 1  t o  1 a . rua1 s u r v  i val  . Ee.su l  t s  f r o m  r e a r  i ng 

SI i p. jack t u n a  i n La Jo1 1 a i ndi  c a t e  t h a t  1 arva .1  growth m a y  h a v e  b e e n  

r e d u c e d  t ty  t h e  i n a b i  1 i t y  o f  t h e  1 a r v a e  t o  ccmsume E u f f  i c i e n  t e n e r g y  

t o  mee t  t h e  demand.:. c ~ f  r a p i d  d e l v e l  ctpmen t CS. K a ~ p p ,  per .= . .  comm. 11 . 
F o r  + u t u r e  r e ~ e a r c h  orl .zCcip.-iack tuna,  I rece~mmernd t h e  foil lowing:  

1 .  Ee3.r sb: i p j a c k  tclna f r o m  n a t u r a l  1 y s p a w n e d  e g g s  n b t a i  n e d  f r c m  



an13 t u  te5.t r e a r i n g  t e c h n i q u e s .  

c L .  C o n t i n u e  work on d i e t  t o  o b t a i n  o p t i m a l  pre!y types . ,  f o c u s  on 

e n e r g y  d e m a n d s  o f  1 a r v a e  and c a l o r  i c c o n t e n t  o f  p r e y .  R e a r  r k  i p. jack 

tuna  1 ariv.3.e ctn w i 1 d p 1 ank t o n  , e s p e c  i a1 15.’ 1 a r v a . c e a , r l s  and C c ~ r y c a e u s  sp . 
I t h e ~ . ~  prey  s p e c  i e’s a r e  f nund  i n t h e  di  e t s  o f  c . e a - c a u g h  t 1 a r v a e 1  . 
Ccon t i n u e  1~1or .k  lIjn s t o m a c h  a n a l  yr. i 5 o f  s e a - c a . u g h  t sbr’ i p j  a c k  tuna  1 ar1.ia.e 

t o  d e  t e r m  i rl e o t h e r  C I ~  t i ma 1 foods , 

A t l a n d o n m e n  t o f  f e e d  i nu 5. t r i K e E i s. an CI t t-i e r e c o 1 o g  i c a. 1 1 y 

i r i t e r e s t  i nq phenomena. .  Why s h t x u l  j a mah i m a h  i 1 a.rv.3. a b a n d o n  a. p r e y  

ctnce I t i s  s i g h t e d  and s t r i k e  ~10z. i  t i o n  i s  a t t a i n e d ?  Here i s  a n  



i t s  p r e y  a n d  ITIU'Z.~ s e a r c h  for a r l o t h e r .  P e r h a p s  t h e  b e s t  e x p l  a i  n a t  i on  

S n r  t h i s  p h e n c ~ m e n a  i s  t h a t  t h e  p r e y  i t e m  s w i m s  o u t  of t h e  e f f e c t i v e  

I sua.1 r a n g e  o f  t h e  m a h  imah i 1 a r v a  a f t e r  t h e  1 a r v a  has ach  i e v e d  

a c t u a l  1 y a t l a n d r l n  a p r e y  i tern b e c a u s e  t h e  p r e y  i 5 u n s u  i t ahl  e due t o  

incorrect s i z e  o r  t y p e .  

M a h  imah i r e p r e s e n  t an e x c e l  1 e n  t C , F I ~ C  i e s  t o  I J S ~  a s  a m o d e l  for 

q r c ~ w t h  - and c o n d i t i o n  o f  la . rv .31 f i s h e s . .  T h e  o t ~ v i o u s  e f f e c t  o f  d i e t  

an d f on d E. e 1 e c t i or1 on gr  IIIW t h E. h o u  1 d t le E.@ e n i n t h e gr  CI~J t h f u n c t i or1 

<: ar s e s  ond e q u a  t i o n  1) o f  t h e  5 p a r a m e  t e r  mode 1 p r e c . e n  t e d  i n t h i 5 

r e  pl:lr t , T h e  r a t e  o f  a c c e l  e r a t  i or1 of g r o w t h  a f t e r  d a y  6 c.hou1 d 

r e f  1 e c  t t h e  r c l n d  i t i un ot  t h e  1 a rvae  h e a l  t h  i e r  1 a.r?!ae shou 1 d ~ ~ C I O J  

t a z . t e r .  Th  i c. p n t e r l t  i a1 tvar i a t  i on i ri qro~. ..tth r a t e  m a y  tre r e f  1 e c t e d  i rl 

o t o l  i t h  i n c r e m e n t  w i d t h ,  i.:.!h i c h  W C I U ~  d b e  ~ s e f u l  as  a. c r  i t e r  i on f o r  

1 a r ~ ! a . l  f i s h  c s n d i  t i a n  i n  t h e  5.ea ( H i j r l t e r ,  1p7,s; I-lett-lclt, I ? ? ? >  . 

c r  I t e r  I a n  f u r  l . ~ r ~ a l  con13i  t i on ( o t o l  i t h  i n c r e m e n  t w i  d t h j  ca.n b e  

e s t a b l  i s h e d .  



'5.e .a,- c  ai^ gh t m a  h i mah i 1 a r t.? a. e . 
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T a b l e  3 :  E s t i m a t e d  p a r a m e t e r s  f o r  t h e  m o d e l  d e s c r i b i n g  t h e  g r o w t h  of m a h i m a h i  
(C. h i p p u r u s )  l a r v a e  s p a w n e d  o n  15 O c t o b e r  1982. 

PARAMETER ESTIMATE ASYMPTOTIC ASYMPTOTIC 95% 
STD. ERROR CONFIDENCE INTERVAL 

LOWER UPPER 
THETA 0 .26169 0 .07891  0 .06859 0 .45480 
LAMBDA 5 .39764 0 .0255  1 5 .33520  5 . 4 6 0 0 6  
TAU 5 .51097  0. 17353 5 08634 5 -93560 
GAMMA 1.16619 0 .30249 0 .42604  1 .90636 
BETA 0 . 3  1923 0 .02667  0 . 2 5 3 9 8  0 .38449  



Tab le  4 :  Comparison of s t a r v e d  v s  f e d  mahirnahi l a r v a e  (C. h i p p u r u s )  f rom 
15 Oc t .  8 2  spawn. 

PARAMETER STARVED 
._ 

A G E  
( D A Y )  (mm 1 x f l S D  

Day 4 Length 5 .34j -0 .  0614 

d i a m e t e r  0.349kO. 012 

d e p t h  0 . 7 8 0 + 0 . 0 6 8  

E ye 

Head 

Day 5 Length 5 .28520 .  113 

d i a m e t e r  0 .354+0 .009  

d e p t h  0.806kO. 029 

Eye 

Head 

Day 6 Length  5 .355 j -0 .087  

d iamet  e r  0 ,355+0 .009  

d e Q t h 0. 865k0.064 

Eye 

Head 

FED F STAT 
% + l S D  

5 .40+0.0743 2 . 4 8 3  

0.342fO. 009 4 . 3 3 3  

0.754, iO.  058 1 .  681 

5.48+0.  121 27. 917 

0 .357+0.009 0 .  978  

0. 790k0.048 1 .  652 

5 . 5 5 t 0 . 1 1 5  3 7 . 6 0 9  

0 .367+0 .012  1 3 . 2 8 6  

0. 86920.055 0 , 0 4 6 0  



T a b l e  5 :  Comparison of s k i p j a c k  tuna  l a r v a e  r e a r e d  f r o n  eggs  o b t a i n e d  f rom 
d i f f e r e n t  f e m a l e s  spawned o n  2 8  J u n e  1982.  
( n o t e  t a n k  €3 and C have eggs o b t a i n e d  from t h e  same f e m a l e ) .  

PARA M ET E R T A N K  A 
xi-1 SD 

Ova d i a m e t e r  ( m m )  0.  94+0. 006 
Length a t  h a t c h  ( m m )  

( n = 1 2 )  3 . 2 5 + 0 . 0 8 5  
Length a t  day  3 (mni) 

( n= 1 2 ) +< 

Sw i ins  peed 
3.617fO.  109 

cm/sec 0 . 3 4 6 8  
body Lcngt l i / scc  0 . 9 5 8 9  

p e r  min 0.  1 1 7 7  
# f e e d i n g  s t r i k e s  

% l a r v a e  w i t h  food 25% 
% l a r v a e  w i t h o u t  

food 75% 
# E u t c r p i n a  n a u p l i i  

Tempcra t u r c  ( "C) 2 3 . 6 + 0 . 3 6 3  
i n g e s  tcd 5 

T A N K  B 
x t l  SD 
0 98l-fO.015 

3 . 2 2 1 5 ) .  195 

3.595310. 153 

0 . 3 9 2  1 
1. 090 

0. 1069 
0% 

100% 

0 
23.45-t-0.42 

T A N K  C 
XS1 SD 
0. 981+0. 015 

3.30-tO. 182 

3 .535+0.  134 

0 .4324  
1. 226 

0. 1324 
25% 

75% 

3 
2 3 . 6 + 0  35 

9~ d a t a  l i s t e d  b e l o w  th i s  e n t r y  p e r t a i n  t o  d a y  3 l a r v a e  



T a b l e  6 :  

LENGTH 
INTERVAL 
(mm 1 

5 .  1-5.5 
5 . 6 - 6 . 0  
6 .  1 - 6 . 5  
6 .  6-7.  0 
7 .  1 -7 .5  

R e s u l t s  of i n i t i a l  f e e d i n g  e x p e r i m e n t s  conduc ted  o n  mahimahi 
l a r v a e  ( C .  h i p p u r u s )  spawned on 6 May, 1982.  

RAT I O N  
% w i t h o u t  % w i t h  TOTAL # # B r a c h i  # B r a c h i  E u t e r p i n a  a c u t i f r o n s  

food  food LARVAE l o r i c a s  eggs  # n a u p l i i  #copepods  # g r a v i d  
f e m a l e s  

5 6  44 16  8 8 63 108 1 
: 0  100 5 2 1 38 1 1 2  1 

0 100 7 8 0 140 158 8 
0 100 4 4 0 134 92 2 
0 100 1 1 1 2 7  5 1 



T a b l e  7 :  R e s u l t s  of f e e d i n g  e x p e r i m e n t s  c o n d u c t e d  o n  mahimahi  l a r v a e  
(C. h i p p u r x )  spawned o n  15 O c t o b e r ,  1982 .  

RAT I O N  
LENGTH % w i t h o u t  % w i t h  TOTAL # # B r a c h i  # B r a c h i  # T i g r i o p u s  # T i g r i o p u s  
INTERVAL f o o d  f o o d  LARVAE l o r i c a s  e g g s  n a u p l i i  c o p e p o d i t e s  
(mm 1 
5 .  1 - 5 . 5  8 4 .  85 15.  15 66  96 4 3  0 0 
5 . 6 - 6 . 0  4 1 . 6 7  5 8 . 3 3  4 8  2 83 64  0 0 
6 .  1 - 6 . 5  2 0 . 0  8 0 .  0 3 0  253  26 2 0 
6 . 6 - 7 . 0  0 100  12  2 7 1  9 4 0 
7. 1 - 7 .  5 0 100 4 2 15 1 1  0 0 
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F i g u r e  2 :  Growth  o f  head  d e p t h  (0) a n d  eye d i a m e t e r  (+) f o r  m a h i m a h i  l a r v a e  
(C .  l i i p p u r u s )  r e a r e d  a t  2 6 . 2  0 . 9 1 O C .  P o i n t s  r e p r e s e n t  i n d i v u a l  
l a r v a e .  
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F i g u r e  3 :  Growth  of  h e a d  d e p t h  (W) a n d  e y e  d i a m e t e r  (+) f o r  rnahimahi l a r v a e  
( C .  h i p p u r u s )  r e a r e d  a t  2 2 . 8  2 0 . 2 9 " C .  P o i n t s  r e p r e s e n t  i n d i v i d u a l  
l a r v a e .  
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F i g u r e  4 :  L i n e a r  g rowth  o €  rnahimahi l a r v a e  (C 
Head d e p t h  (!I) and cyc' d i a m e t e r  (+) v s  Length .  
P o i n t s  r e p r e s e n t  i n d i v i d u a  1 l a r v a e  

I i i p p u r u s )  r e a r e d  a t  2 6 . 2 + 0 . 9 i ° C .  

2 Head dep th=-1 .0664  + 0.354 L e n g t h ,  r = 0 . 9 2  

Eye d i a r n e t e r = - 0 . 1 4 4 1  + 0 . 0 9 4 9  L e n g t h ,  r2=0 .  91 
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F i g u r e  5 :  L i n e a r  g r o w t h  of mah imah i  l a r v a e  (C. h i p p u r u s ) r e a r e d  a t  22.8+O.2Y0C 
Head d e p t h  (fi) a n d  e y e  d i a m e t e r  (+) v s  lengt.11 
P o i n t s  r e p r e s e n t  i n d i v i d u a l  l a r v a e .  
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Fig t i r e  6 :  Growth O L  mahimahi l a r v a e  ( C .  h i p p u r u s ) .  P l o t  i s  of  mean l e n g t h  - 
1 SD o f  t h e  mean. ( d a t a  o b t a i n e d  f rom food  s e l e c t i o n  e x p e r i m e n t s  

c o n d u c t e d  on 15 Oct.  82 spawn) 
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F i g u r e  8 :  Growth  o f  mah imah i  l a r v a e  (C.  h i p p u r u s ) .  
d i a m e t e r  (+) v s  L e n g t h .  
( d a t a  o b t a i n e d  f r o m  f o o d  s e l e c t i o n  e x p e r i m e n t s  c o n d u c t e d  o n  15 Oct.  

Head d e p t t l  (m) a n d  e y e  
P o i n t s  r e p r e s e n t  i n d i v i d u a l  l a r v a e .  

s p a w n ) .  

Head d c p t h = - 1 . 2 2 6 5  + 0 . 3 7 3 9  L e n g t h ,  r 2 = 0 . 8 3  

Eye d i a m e t e r = - O .  01994  + 0 . 0 6 9 5 2  L e n g t h ,  r2=0.  84 
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F i g u r e  10: Food s e l e c t i o n  b y  s k i p j a c k  t u n a  l a r v a e  o n  d a y  3 .  C o m p a r i s o n  of t h e  
p r o p o r t i o n  of  a v a i l a b l e  f o o d  ( P )  t o  t h e  r a t i o n  ( R ) .  
C l e a r  b a r s = n o n g r a v i d  r o t i f e r s ,  
s h a d e d  b a r s = g r a v i d  r o t i f e r s ,  
s l a s h e d  b a r s = E u  t e r p  i n a  na up 1 i i , 
s t i p p l e d  b a r s = E u t e r p i n a  c o p e p o d i t e s .  

P R  

6 J u l y  8 2  spawn  31 J u l y  8 2  spawn  
( n = 1 2 )  ( n = 1 2 )  
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F i g u r e  11: Food s e l e c t i o n  by mahimahi l a r v a e  (C h i p p u r u s ,  16  May 8 2  spawn) .  
Comparison of t h e  p r o p o r t i o n  of  a v a i l a b l e  food  ( P )  t o  t h e  r a t i o n  ( R ) .  
Shaded b a r s = E u t e r p i n a  copepods ,  
C l e a r  b a r s = E u t e r p i n a  n a u p l i i  , 
S 1 a s he d ba r s =r o t i f  e r s . 
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F i g u r e  1 2 :  Food s e l e c t i o n  by mahimahi l a r v a e  ( C .  h i p p u r u s ,  15 O c t .  82  spawn) .  
Compar ison  of  t h e  p r o p o r t i o n  of a v a i l a b l e  food  ( P )  t o  t h e  r a t i o n  ( R ) .  
Shaded b a r s = g r a v i d  r o t i f e r s ,  
c l e a r  b a r s = n o n g r a v i d  r o t i f e r s .  
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F i g u r e  13:  
- 

F e e d i n g  and  swimming b e h a v i o r  f o r  mahimahi  l a r v a e  ( C . .  h i p p u r u s ) .  
Mean s w i m  s p e e d s  a r e  g i v e n  i n  c m / s e c  (0) a n d  body l e n g t h s / s e c  (w)  
B a r s  r e p r e s e n t  f e e d i n g  s t r i k e  b e h a v i o r ;  
Shaded  b a r s = a b a n d o n e d  s t r i k e s ,  c l e a r  b a r s = s u c c e s s f u l  s t r i k e s  
( n o t e :  no d a t a  a v a i l a b l e  on a b a n d o n e d  s t r i k e s  f o r  d a y s  4 - 6 ) .  
( d a t a  o b t a i n e d  f r o m  15 O c t .  s p a w n ) .  
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